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(54) Manufacture of high purity benzene and para-rich xylenes by combining aromatization and 
selective disproportionate of impure toluene 



(57) A process is set forth for reacting impure toluene 
to obtain benzene, toluene and a para-rich xylene 
stream, which are substantially free of close-boiling non- 
aromatics. The impure toluene comprises at least 70 
wt% toluene and between about 0.2 wt% and about 5 
wt% close-boiling non-aromatics. The process may also 



comprise aromatizing a naphtha over a non-acidic cata- 
lyst. The impure toluene from the aromatization step is 
passed over an acidic intermediate pore zeolite to pro- 
duce a para-rich xylene stream and chemically pure ben- 
zene. 
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in the benzene-toluene-xylene ^^^^^^^ nonaromatic boiling 

tization step using a substantia y nonSdic ^iK k W ^ Cata ' ySt A,S ° * aroma 

stream from the aromatiza tion S™^^*^ ^ ° ™ *** C P ara " se,ectiv e catalyst on the product 
para-xylene enriched^ theref ™ * high purrty benzene'and a 

pure toluene. substantially free of nonaromatic impurities, and, if desired, chemically 
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thermodynamic equilibria* ^^SiS^oSSS tl T" 3 ^ ^ C ° m * nin9 3 9rea,er than 
4. 1 1 7.026 and 4,097.543 of Haag and Olson meta-xylene is described, for example, in U.S. Patents 

selelTt^ P-^ «T- - *• for both conventions and para- 

pour«tefrom a reforrr^r n J^~ ^ ^ PU T "! Uene ,S usua,l V m ^e by extracting the aromatic com- 
pure benzene, toluene andC 8 aSmatS ° n 3nd then d,st " hn 9 the ^omatics in several steps to recover substantia.ly 

for the toluene disproportionate! pracIsTbSuse nf 35 beSn considered « an acceptable feed 

decreased benzene ar* xylene JieWs aS SSSLlJ P"or art processes the nonaromatic impurities have led to 
xylene via to.uenedispropStiona ^ 

cost of the final benzine and xyfene piSuS eXtraCt '° n ^ WhiCh has added si 9"*«cantly to the 

stock is reformed over a nonacidic platinum XS^STS^S^ 1 ^^ 8todL 3 firSt Step ' the 

The reformate is then contacted under nSJKtS^SSES? 1 conta.n.ng aromatics and paraffins, 
crack high boiling, low octane paraffins 7a cT%?J3 ^ T ,ntermediate P°«* oolite to selectively 

pore catalyst to selectVefy towing -p is contacted with a small 

ponent (W0 3 - M o0 3 ) aS ItSZTf ' ^ COmP ' iSin9 3 "^erttrVlytxienuZ com- 

is then distilled to provide benzer^^ 

U.S. Patent No 4 861 932 T unknown purrty and a toluene stream for recycle 

C 12 para ffins ^^e of hSS^e^^ ^J"* 8 **** h Which « c 
with a noble metaI/.ow acidity cata.yt ThI eSuemt^n ^^^^ «V first contacting the paraffins 
ZSM-5 with a metal such as gallium 7Ga) A^ah KSSSt ."T ^ ^'^ 03,31/31 b3SSd ° n 3 zeo,ite such as 
the product purity is insufficiently U^^^^ZT^' " ^ t0 ^ 3 ^ — ^ 

isomerization and dewaxing. TypicaMmeTmeS^ ^SZZZJ^-'"^ h ^ rocracki "9. dehydrocyclization. 

38 are described in US Patents 3 55 SfS^StU",^ 28 " - " 1 ZSM ' 12 - ZSM " 23 - ZSM " 35 and 2SM - 
4.181.598: 4.222.855; 4.229.S SSJ '^St^^^^^'- ™"» "™*>- 
parfailarly acidic and para-selective forms of such catdvsfc for th! T r l ' ! f ^ "™ eVer> the use 01 such catal ^. 
enriched xylene products from a C 7 -rich vZrtmfontZurt^nr ?^ urton °* h| 9 h benzene and para-xylene 
It would be highly advantageous if oSSS^^J^K ^ T* n0t be6n ^^^^ 

had at most been disced so asfo^veareason^^ 
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impurities which boiled in the toluene range, in a process which would selectively produce para-xylene enriched xylene 
along with benzene, and if desired chemically pure toluene as well and would at the same time convert the impurities 
to products which could be readily separated from the para-xylene enriched xylene and the benzene and from toluene, 
if desired, by simple distillation. 

5 

Disclosure of Invention 

The present invention is directed to overcoming one or more of the problems as set forth above. 
In accordance with an embodiment of the invention a process is provided for the selective production of a benzene 
to and para-xylene-rich product which is substantially free of close-boiling nonaromatics. The product is produced from a 
feed which comprises at least about 70% toluene and between at least about 0.2 wt% and 5 wt% close-boiling nonar- 
omatics. The process comprises contacting the feed with an acidic para-selective catalyst to produce the desired product. 

In accordance with other embodiments of the invention a predominantly paraffinic feed is aromatized over a sub- 
stantially nonacidic catalyst. A stream having at least 70% toluene and at least about 0.2 wt% but no more than about 
15 5 wt% close-boiling nonaromatics is obtained. The stream is used as the toluene-containing feed. Alternatively, an aro- 
matizer product stream which may not have sufficient toluene can be distilled to produce the toluene-containing feed. 
In either case the feed is contacted with an acidic para-selective catalyst to produce the product. 

It has been surprisingly discovered that para-selective catalysts, which selectivation would be expected to have 
reduced cracking and other activities, can be prepared and utilized under conditions such that they will, along with 
20 selectively producing para-xylene, also convert close-boiling nonaromatics to products which are not close-boiling to 
benzene or to the xylene isomers or to toluene whereby simple distillation can be utilized to provide chemical grade 
benzene and xylene (and toluene) fractions. It is also surprising that a C7 product stream or fraction from an aromatizer 
unit has a low enough concentration of close boiling nonaromatics such that an acidic para-selective catalyst can convert 
sufficient of the close boiling nonaromatics to compounds boiling outside the BTX range readily separable by distillation 
25 and at the same time selectively convert the toluene to a para-xylene enriched stream and benzene. 

Brief Description of Drawings 

The invention will be better understood by reference to the figures of the drawings wherein like numbers denote like 
30 parts throughout and wherein: 

Figure 1 illustrates, schematically, a process in accordance with an embodiment of the invention; 

Figure 2 illustrates, schematically, a process in accordance with another embodiment of the invention; and 

Figure 3 illustrates, schematically, a process in accordance with still another embodiment of the invention. 

35 

Detailed Description of The Invention 

In one embodiment of the present invention, high purity benzene and para-xylene-rich xylenes can be made from 
an impure toluene stream by using an intermediate pore size acidic para-selective catalyst with high cracking activity, 

40 such as HZSM-5 which has been treated to make it para-selective. Under toluene disproportionation conditions close- 
boiling nonaromatic impurities comprising up to 5 wt% of the toluene feedstream are converted, enabling the recovery 
by distillation of benzene and any remaining toluene (which can be recycled), both of which are 99.5 wt%, more preferably 
99.8 wt% and still more preferably 99.9 wt% pure. (Terms such as of high purity, close-boiling nonaromatics-substantially 
free, chemically pure or of chemical grade are sometimes used herein to indicate 99.5 wt% or better purity of the benzene 

45 and toluene products.) In this manner, a toluene containing aromatizer product or a distillation fraction thereof, can be 
directed to a reactor where a process according to the present invention is carried out, bypassing an aromatics extraction 
step. The impure toluene stream, in vapor phase, can be reacted over the acidic para-selective catalyst to ultimately 
yield high purity benzene and xylene streams. The xylenes stream produced by disproportionation in accordance with 
the invention followed by distillation, has no more than about 0.5 wt%, preferably no more than about 0.2 wt% and more 

so preferably no more than about 0. 1 wt% of close-boiling nonaromatics. It will generally comprise a Ce* fraction containing 
ethylbenzene. Such a stream is sometimes referred to heroin as a high purity xylene fraction which is para-xylene 
enriched. 

The principal aim of the present invention is to produce high purity benzene and a high purity xylene fraction which 
is para-xylene enriched by selectively reacting out nonaromatic impurities having boiling points in the benzene and 
55 xylene boiling ranges while producing the desired products from an impure toluene stream. The separation of the product 
is accomplished by non-extractive, e.g., distillative, techniques. 

The benzene to xylene (BTX) boiling range generally covers temperatures between about 140°F and 350°F (about 
60°C and 180°C). Nonaromatics (paraffins, olefins and naphthenes) boiling in this temperature range are referred to 
herein as close-boiling nonaromatics. 
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olefins and other commands Sn^s^ nonaromatics are converted to fight paraffins, 

by simple distillation suostant.ally outs.de the BTX bo.hng range whereby they can be readily separated 

5 of <££Z JESSE I'SSSSES 7' ^'T™ iS °" basis 

purity of the benzene 25 E3£?, S^'JS^'g^ ™ r^V^"'^ ^ 

Asis^nTe^^^^^^ non aromatic rrtjes jn the toIuene disproportfonatjon 

test. « represents me refcl^^ 

are characterized 5 this defSi^ o, S i e 1 ™I * S < * My * are USe,U ' in 1,16 " resent inve "«°n 
sti.. more preterably^lhan'b^ E2* *" ° 9reat6r *" abOUt 1 °" m ° re P re,erab,y ^ «™ about 50 and 

^42^^ 34 ^ temperatures, for examp.e fr0 m 

Sons. 1974. These *Z^£££& l^TfurlT^T' ^ W RrSt BMon ' John Wi,ey & 

absorbed and of the channel dfonmtama *J T ? et, ° diameters of ,h * particular molecule being 
practice of the ntermediate pore size molecular sieves usefu. in the 

hindrance. Examp.es of such oompZds SSSr 23L A? 9 ""I? diame,SrS ° f 5 0 to 6 0A ,ittle 

benzene (5.8). and toluene (5.8). Compounds E££2ZZ^ 2 aLt 6 oTIaf" ^T^* (55) ' 
pores, depending on the particular sieve, but do not Lnefrat » as <Sv a 2 n **" be adm ' tted int0 the 

Compounds having kinetic diameters in the rano^ of r nt?«l Q , ^ , ^ C3SeS are effectiv ely excluded. 
2.2-dimethylbutane (6.2) m T-SSeTe 1) 1 2 7!%t^l^l '"^t Cyclohexane ( 60 >- 2.3-dimethylbutane (6.1). 
having kinetic diame ers of greater ^ and °' Xylene < 6 8 >- General '* compounds 

the interior of the molecular s evflattce Examol- of 2 * apertUrSS and thus are not absorbed in *> 

trimethylbenzene (7.5). and 'SST compound, include: hexamethylbenzene (7.1). 1 , 3>5 - 

P-ated^ 

4.016,245; 4.046.859:4 234 231 4440 871 anduf twf ? ' 1 3 1 832 ' 449; 3 950,496; 3.972,983; 4.076.842; 
433,382. filed Octobe 24 1989 in mnSrlcJ t Appl.cat.ons Serial Nos. 172.730 filed March 23. 1988 and 
as discussed be^ raSeS '*^^ 

includ^ ox«e binders. Appropriate binders 

admixed. Preferred oxkle bikers ncSe" ^umi™ f be combined ' dis P e ^ or otherwise intimately 

example, bentonite. ^2S£2J£^ "* «""•"■«* processed Cays. J 

react^c^^Tc:^ ^^7^ ^ iS P ^ mMd h the ^ stata general, 
accompfishing the deseed conversion <J toZe ^L^^' C ? Wo COnverSi ° n °' 106 "cnaromat.cs whi.e st.1 
the pressure shou.d be be^eeTa^Vo aS IMu^n ^ f"" *?" enrich,d «""»*»■«■ Generaf.y, 
temperature is between about 700-F and M ao^SCSST " IT f** 1 °° * ab0lrt 6 °° ^ Suitab,y 
hour.y space velocity may suitably be from atout" K%2£TZ££ T *"* ' ^ ^ feed We ^ 
from about 2 to about 6 The process is iLn^iZ 1 <T preferably from about 1 to about 8. more preferably 
hydrogen to hydrocarbon feedTSLTJ^ *° ,OU ' in9 ^ motar ratio * 

abou.5. TheXamp.es that S^tS^S ° ^ " ^ — 2 a " d 

conSfeSwhfch^a^ 

least abofrt 90 wt%. TOs served ^Sn^Z^^lT^^ ^ ^ or more and ™« P^ablv at 
process of the present invention and ft ^IrS^J^ZT °f the 

e^-oftne^ 
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Cn feedstocks (to the aromatizer), C 6 -C 8 feedstocks, C 6 -C 7 feedstocks and C 7 feedstocks. The aromatizer product 
streams (or the toluene distillation cuts from them) will include at least about 0.2 wt%. usually at least about 0.3 wt% 
and may include up to but not more than about 5 wt%, of close-boiling nonaromatics. The aromatizer product streams 
(or the toluene distillation cuts from them) can also include up to about 25 wt% of aromatics other than toluene, e.g., 

5 benzene and ethylbenzene. Indeed, one advantage of the present invention is that a portion of the ethylbenzene is 
converted to benzene and/or xylenes during toluene disproportionate. 

In one embodiment, a toluene fraction of a reformate or aromatizer product stream obtained by reforming or aro- 
matizing a C6-C7 feed is purified and simultaneously disproportionated to produce benzene and a xylene fraction which 
is enriched in para-xylene by reaction over a acidic para-selective catalyst. Such a feed could be a light naphtha feed, 

10 for example, one rich in C 6 and/or C 7 components, reformed or aromatized over any of a variety of conventional reforming 
or aromatization catalysts to produce a product stream containing benzene, toluene and close-boiling nonaromatics. 
Exemplary reforming and aromatizing process conditions include: feed rate of 0.1 -10 WHSV, pressures between about 
0 psig and about 200 psig, preferably between about 40 psig and about 100 psig. temperatures between about 800°F 
and 1 100°F, and a hydrogen:feed molar ratio of between about 0.1-10. The reformate or aromatizer product stream is 

15 suitably distilled to produce the feedstock to the selective para-xylene production process. 

Preferably the process used on the naphtha feed is aromatization using a nonacidic catalyst. The a values of the 
non-acidic catalyst used in the aromatization step should be less than 0.1. Catalyst acidity in aromatics generation is 
undesirable because it promotes cracking that in turn results in lower aromatic selectivity. Also, the amounts of close 
boiling nonaromatics is kept to acceptable limits as defined above if the acidity of the reforming or aromatization catalyst 

20 is kept sufficiently low. To reduce acidity, the catalyst may contain an alkali metal and/or an alkaline earth metal. The 
alkali or alkaline earth metals are preferably incorporated into the catalysts during or after synthesis according to con- 
ventional methods. In addition, at least 90% of the acid sites are desirably neutralized by introduction of these metals, 
more preferably at least 95%, most preferably substantially 100%. 

In addition, the catalyst for aromatics generation may be based on alumina or molecular sieves, such as L-zeolite 

25 or silicalite. with an inorganic binder. Preferred catalysts for aromatization include catalysts comprising platinum on 
nonacidic forms of beta-zeolite, ZSM-5. silicalite and L-zeolite. Other well-known aromatization catalysts typically contain 
a catalytic metal such as platinum disposed on any of a plethora of natural and man-made crystalline aluminosilicates. 
Metallic promoters such as platinum or other Group VIII metals also may be included, as can other promoter metals. 
The preferred aromatization catalyst is L-zeolite. 

30 Examples of methods of manufacture of ZSM-5, and particularly of a ZSM-5 catalyst having high silica-alumina 
(Si0 2 :AI 2 03) molar ratio, sometimes referred to as silicalite, are shown in: Dwyer, et al., U.S. Patent No. 3,941,871, 
issued March 2, 1976 and U.S. Patent No. 4,441 ,991 , issued April 1 0, 1 984; and Derouane, et al., EPO Application No. 
186,479, published February 7, 1986, all of which are incorporated by reference in their entireties. 

Examples of the preparation of nonacidic platinum on silicalite or L-zeolite catalysts may be found in U.S. Patent 

35 Nos. 4,830,732 and 5,073,250, both of which are incorporated herein in their entireties by reference. 

Low sulfur feeds to the aromatics generation step may be particularly attractive in order to avoid poisoning the 
catalyst. In the case of L-zeolite, it is preferable that the feed to the aromatizer has a sulfur content of less than 50 ppbw, 
and more preferably less than 5 ppbw. 

As a specific example of the employment of such an aromatics generation procedure with the process of the present 

40 invention, valuable C6-Cs aromatics may be produced from relatively inexpensive hydrocarbon feeds such as paraffinic 
naphthas. The products are streams containing ethylbenzene, benzene, toluene, and the three xylene isomers. A dis- 
tillation step may be carried out to produce a fraction having a desired toluene content, e.g., 70 wt% or higher. The 
aromatics generation procedure converts the hydrocarbon feedstocks into very clean aromatic mixtures that, however, 
include a limited amount of close-boiling nonaromatic impurities boiling in the toluene boiling range. The amount of 

45 nonaromatic impurities boiling in the toluene boiling range in a C 7 + out of product must fall within the range from 0.2 
wt% to 5 wt%, preferably from 0.2 wt% to 2 wt%. The process according to the present invention then simultaneously 
produces benzene and a para-rich xylene stream, and converts the close-boiling nonaromatic impurities to yield products 
that are substantially free of close-boiling nonaromatics. Thus, in some embodiments the process uses two separate 
catalysts: a nonacidic catalyst to generate aromatics and an acidic catalyst to purify the aromatics generated and to 

so simultaneously convert the toluene present into a chemically pure xylene fraction which is enriched in para-xylene and 
into chemically pure benzene. 

More particularly, such a process could involve passing an inexpensive hydrocarbon feed over a nonacidic catalyst 
such as platinum on L-zeolite or on silicalite (which is generally considered to be a ZSM-5 zeolite with a low alumina 
content, e.g., ZSM-5 with a silica to alumina ratio of at least 1 ,000). Such catalysts are especially effective at aromatizing 

55 the feed, but, as described above, produce a complex mixture containing a limited amount of nonaromatics that are 
difficult to separate by distillation from the desired aromatics. 

Next, an acidic para-selective catalyst cleans up the mixture by converting the close-boiling nonaromatic compo- 
nents into both lighter and heavier components that can be easily separated from the aromatics, for example, by distil- 
lation, while selectively converting the toluene to chemically pure benzene and to a Ca aromatics fraction having an 
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SSSS! S22 Tl^tf subs,antia »V fre * of nonaromatics. This beneficial combination of two dif- 
ferent catalysts serves to facilitate the production of high purity benzene and xylenes 

Some of the ethvtbenzene present in the feed to the toluene disproportionation step is converted to benzene and/nr 
xylenes while the remaining (i.e.. unconverted) fraction can be conventionally handled t^nfthe SSSTS a 

has SSS^S^^ 11 ^ 03,1 be US6d " the prOC6SS 0f the present inven «°" » '°ng as it 

oT^^T!£^rS£!^ ^SS^f^ ^ ^ catelyste are found in previously nrwntioned U.S. Patents 4. 11 7.026 and 4.097 543 
w Z : ° WhlCh 3re ,ncor P° rated ^rein in their entireties by reference. In general the term "oaVa 

I£2L? " IT 1 meanS ^ th6 ""^ " hen «* in accordance with the present invention wi. produce a 
xylene fraction .n which at least 40% of the xylenes are para-xylene. Indeed, as is shown in the Samples wen overly 

In assessment of zeolite crystal size, conventional scanning electron microscopy (SEM) techniques can b P .«pH 

L™ e ^ s s S a n 9i T crys,£ t bein9 taken as the dimension of S^^SSS S 

H im a nc ir fn ! . £ 1 invention in substantial proportion are essentially characterized by a minimum crystal 

In the preferred embodiment, the crystalline aluminosilicate zeolites employed, particularly those havina a minimum 
SStST! . TTT" 1 about 05 micran " ma V have undergone modification prS *^£3££££ 
SI k L S eaSt abOUt 1 W6i9ht perCent and 9eneral| y between ^out 2 and about 40 weightSrcen oTcoS 

^Z 0 ^ZTt^ 9 ^l^r ,f tha zeolite is employed in substantia,ly pure ,orm - ESSXSS 

whTr, th. ■ . as J s,l,ca - then the we, 9ht percent of coke is generally in the range of 2 to 20 weioht oercent 
i^n thl L ,s f comb,ned J"* a binder of hi 9" oowno tendencies, such as alumina, coke corttrt o tta total S 

a nvaS^^r ran96 ° 10 10 40 WGi9ht PerCent Precokin 9 03,1 be accomplished by Acting he Z££5Z 
a hydrocarbon charge, eg., toluene, under high severity conditions at a 

p * *!i 010 6 rat, ° 0< hydro9en to h y*ocarbon for a sufficient time to de^ Vm OeS^s^^^S^ 

SIZES?* zeo T may also 156 suitab,y effected by combinin9 

an^or maoniium S,S ^ ^ °" e SUCh 35 an ° xkle of antimonyphosphorous boron 

w?th a ? « Comb,n a t,on of desired oxrie with the zeolite can readily be effected by contactina the zeofite 

nJS?f££ ^ diSpr ° POrti0nation rea <*- ™* has a silica to alumina 

umESEEX^^JSZ " 9enera,,y — ° Ut 35 3 — ntinuous or continuous operation 

The present invention will be more clearly understood by reference to the following examples. 
EXAMPLE 1 

Comparison Example W ith Nlnn-s^l^jyated Cataly st 

30% cul port. The ovenreed product of lh 8 second distillation, comprising about 92 wt% toluene eMeboul 5 ej» 

T ana pass " d ,hrou9h a 2 

uiu uui hot seiectivatea ZbM-5 catalyst. The reaction was carried out at 1000°F .S3ft°ri i^n nci« c % i~ 

F:^i 9 lTlr Ce Ve ' OC ^ (WHSV) ^ h^rogen-totenTmoli^ ^Saf ' ? 
tiJZSSL P i I 565 W6re 0Wanad * Capil,ary chromatography after nine hours on stream as 

shown in Table 1 . The gas chromatograph was equipped with a flame ionization detector and a polar column mat eTutS 



JSDOCID: <EP 070441 6A1_I_> 



6 



EPO 704 416 A1 



nonaromatics before aromatics. 



Components 



Feed 
Area \ 



Product 
Area % 



Difference 



10 



15 



20 



25 



Nonaromatics : 

C1-C5 0.008 

isohexanes 0.002 

n-hexane 0.001 

C6-C7 

nonaromatics 0 . 092 

n-heptane 0.334 
C7-C8 

nonaromatics 2 . 044 

n-octane 0.933 
C8-C9 

nonaromatics 1.423 
C9 ♦ nonaromatics 0.431 



5. 536 
0 
0 

0 
0 

0.009 
0 

0.116 

0.037 



5.536 

-0.002 

-0.001 

-0.092 
-0.334 

-2.035 
-0.933 

-1 .307 
-0.394 



30 



35 



40 



Aromatics : 

Benzene 0.05 

Toluene 91.69 

Ethylbenzene 1.38 

p-Xylene 0.53 

m-Xylene 0.97 

O-Xylene 0.11 

C9 ♦ aromatics 0 

Total 99.998 



25.25 

42 .03 
1.07 
4 .94 

10.75 
5.05 
5.21 

99.998 



25.20 
-49.66 

-0.31 
4.41 
9.78 
4. 94 

5,21 

0.008 



45 



p-Xylene % = 



p-Xylene * 100* 



p-Xylene ♦ m-Xylene ♦ o-Xylene 



50 



4,94 x 100% 



4.94 ♦ 10.75 ♦ 5.05 



24% 



55 The analyses show that the toluene disproportionated to make benzene and xylenes, while nonaromatic impurities 
in the same boiling range were substantially eliminated by cracking to form light ends. Para-xytene comprised 24 wt% 
of the xylenes produced. 

This example demonstrates the elimination of close boiling nonaromatics and the preparation of chemically pure 
benzene and xylene using a non-para-selective catalyst whereby only 24 wt% of the xylene fraction was para-xylene. 
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Aromatization Followed R v SelectivatPd Ppr a .y y | ene ft^^ 

^Moa^^^^ P ' atinUm L ' 2e0,ite b ' bei "9 " - *» 10 (refer to 

liquid product corS I "J ^S^TSSdT Z^?™ ** the 
lected. H was then taken as ; represented bv line ^2 ^' ^ h *» ?» m P on «*- ^ C* product stream was col- 
fraction (removed as i^SShSTio and C hZT^ ^ t, ' ,,ati ° n C ° ,Umn 16 int ° a ^nzene-rich 
of the unreacted paraffins oS Sand nLhthpnl ™ ? T u^™' b ° ,h h3Vin9 c,ose - boi,in 9 nonaromatics. Most 
a^aron^C^^ 

step which followed contained about 0 4 wt% close hnii,™ ™~T! (oottoms fraction) to the toluene disproportionation 
by line 37 to aromatic extrac^iS'ge ^ %C '° Seb 0,,,n9non - aroma ^ ^benzene fraction was sen, as represented 
island S nS ^'! n9 the aroma «^tion process were as follows: 

Naphtha WHSV = ■ .0. feed molar ratio H 2 /naphtha = 5.0. temperature = 890«F pressure = 70 psig 

P°resi Z ez TO ltecataVstwher^ 

to materials which boil generally o^id^ 

aromatization unit » via'p* ^^^^'SK S^E tT^T T ^ ^ *» 

an acidic, large crystallite size (0 5 - 2 0) HZSM *7<wZ ^ r f via ,,ne 27 17,(5 tolu ene fraction was reacted over 



35 



40 



50 



55 
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Table 2. Reaction of C7 ♦ Aromatization 

Product: over Para-Selective Catalyst 



w 



15 



20 



Composition. Wt% 


Feed 


Product 


Difference 


Light Ends 


0 . 00 


0.71 


0.71 


C6 non-aromatics 


0 . 00 


0 . 00 


0 . 00 


Benzene 


1.01 


10 . 35 


9.33 


C7 non-aromatics 


0.11 


0.02 


-0.09 


Toluene 


83 . 79 


68.36 


-15.42 


C8 ♦ non-aromatics 


0.32 


0.06 


-0.26 


Ethylbenzene 


1 . 57 


0.32 


-1.25 


p-Xylene 


1 . 90 


9.78 


7.88 


m-Xylene 


1 . 86 


3.02 


1 . 16 


o-Xylene 


2.41 


1.51 


-0.90 


Heavy aromatics 
Total 


7.02 


5.86 


-1.16 


99. 99 


100.00 


0.01 



25 



30 



Catalyst : 
Conditions : 



' Selectivated Large Crystal HZSM-5' 



Catalyst Weight 
Liquid Feed Rate 
H 2 Feed Rate 
Temperature 
Pressure 



2 . 0 Grams 
12mL/h 
75 cc/min 
850*F 
150 psig 



35 



p-Xylene % = 



p-Xylene ♦ m-Xylene ♦ o-Xylene 



40 



9.78 x lOO 



9,78 ♦ 3.02 ♦ 1.51 



68.3% 



45 

Better than 80% of the close boiling non-aromatic material in the toluene fraction was converted to light or heavy 
ends in the toluene disproportionation reactor leaving only 0.02 wt.% Cj non-aromatics in the final product relative to 
10.35 wt% benzene and 0.06 wt.% Cs* non-aromatics relative to 14.31 wt% xylenes. Thus the benzene stream has a 
purity of 99.8 wt%. About 80% of the ethylbenzene and a proportion of the ortho-xylene and heavy aromatics in the 
so original feed were converted yielding even more benzene and para-xylene. The para-xylene proportion of the xylene 
fraction was 68.3 wt%. 

Hydrogen and light hydrocarbons from the disproportionation zone 24 are recycled via line 29 to the aromatization 
unit 12. The rest of the product from the disproportionation zone 24 is conducted via line 26 to distillation column 28 
where it is distilled to provide a bottom fraction having Cs* aromatics and being enriched in para-xylene which is removed 
55 via line 30 and an overhead fraction containing C 6 and 0 7 aromatics. The Cg* aromatics stream is sent to a para-xylene 
plant for the recovery of para-xylene and the isomerization of ortho- and meta-xylenes to para-xylene. Operating costs 
in the para-xylene plant are significantly reduced because the toluene disproportionation unit produces a xylene stream 
which 1) is substantially free of nonaromatics, 2) is rich in the para-xylene isomer and 3) contains a reduced amount of 
ethylbenzene. 
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to P^^^S^il^^ 2 ,0 1 3 fUrth6r distil,afion «*«« 34 where it is further disced 
and to provide high S Xne ^ ZOne 24 K (0r for reoover * as a ***** P"e product) 

obtained from th aLSaSSS, u nS 3 6 ?X h^L ^ '!, COn * ,ned via ,ine 33 w «h the high purity benzene 
stantially free of nonSmSSlS xTlene ncJ^i l^"*™* 18 chemica,, y P ur « the xylene product is sub- 
fraction !s 60 to 80 wS° "^product .s ennched .npara-xylene. The para-xylene proportion of the xylene 

C 7 nST^pSSSSS :«on ofa TS S? 3 Para - enriCh6d — fr ™ a 

impure toluene. ^ aromat.zat.on of a C 6 -C 7 naphtha followed by para-selective disproportionate of 



10 



EXAMPLF 3 

Pr ocess Starting With f> Maphtn^ 



15 



20 



25 



30 



be w S^XS^IiSS^ T ati ° n ^ 40 a, ° n9 with h ^ e " - -* -ay 
line 44 to a cfisproportS^^ C0 ^ ined prcxJuct ,rom 4,16 ^ctor are fed via 

selectivated for^ra-xylene ™oduc«or^ %TZn * aad * ' n, f rmed,ate P° r * zeolite catalyst which has been 
flash drum 48 art removed E ^TaT .* 0m the Pr0duCt 0f the ^proportionation zone 46 in 

49. to the aromatization reactor 40 via .line 42 tK rel°^ oHhT^ ^ eXample " via 

wherein light hydrocarbons are m^rt^SSSlS 51 ^ -aline 50 to a stabilizer column 52 

fed via line S4 to a benzene recovery column »5 SSS T J ?L ° mS fraCt, ° n ,rom the stabi,izer colu ™ « 
via line 58. The bottoms Sim Sete^n^ T ^ fraCt '° n * ^^"^^ benzene * removed 
free of c.ose-boiling noimSS^^S^lS^^ S*" ° 7 and ^ ar ° matiCS and is ^stantiaHy 
is removed as the overhead S^^SSSS ?* , * **** 62 Wh6rein to,ue ™ 

product). The bottom fraction i^tS!i^^S^T^ ^V* ^ 35 3 pure 

xylene. The para-xy Ie ne proportion E the JZHS^^S^ ^ °* ar ° mat,CS " lch - in 
C 7 n;htha amP,e dem ° nStrateS hi9h Para " Xy ' ene yi6ld With tha p ^« ^ing of chemica. grade quality starting with a 



EXAMPLE 4 

Process Starting With ryr.^ M^tln 



40 



45 



50 



55 



j 9 illustrates this example which is similar to the embodiment of Fiaure 1 A r r h,«^ r 
•s fed to aromatization unit 12 via line 10 Hvdroaen anrt HnhTZw 1 511 M bo,l,ng range na P h tha 

remainder of the arornatization product is ^ 3r6 rem ° V6d via ,ines 25 and 27 - The 

benzene and lighter com^nente^ s i S 7* ^ CO ' Umn 16 

mat Tne°b n r 12 /' aline37 A *-^« 

64 to a further distillation column 66 9 * C(rC8 overnead ,rom «*Jmn 60 is led via line 

30 aTJ!STcX^^^^ ^ T C ° ,Umn 60 int ° a C ° ^ «•« is removed via line 

pure benzene from unit 3 Tis Smbinec th JJS^^T^r 0 ^^^ ""^ Thechemica.ly 
portionated to yield chemically nu»b~ J i^J pure benzene from unrt 3 6- The toluene stream is dispro- 
then proceeds* «J SlSE.'S, ^1^^ ^ <*«*«*»«™ pi 

described above. gh punty benzene . to'^ene and C 8 aromatics are removed as 

feedstocks which can be prepared taSaf ^ ^ ™» naph,haS and from to,ue ^ 

Industrial A pplicability 
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While the invention has been described in connection with specific embodiments thereof, it will be understood that 
it is capable of further modification, and this application is intended to cover any variations, uses, or adaptations of the / 
invention following, in general, the principles of the invention and including such departures from the present disclosure 
as come within known or customary practice in the art to which the invention pertains and as may be applied to the 
s essential features hereinbefore set forth, and as fall within the scope of the invention and the limits of the appended claims. 

Claims 

I . A process for the production, from a toluene containing feed which comprises at least about 70% toluene and from 
10 at least about 0.2 wt% to about 5 wt% close-boiling nonaromatics, of a product which contains a reduced amount 

of close-boiling nonaromatics, comprising: 

contacting the feed with an acidic para-selective intermediate pore size molecular sieve catalyst having an 
a value greater than about 10 to produce the product. 

75 2. A process as claimed in claim 1 , wherein the contacting is carried out at a temperature between about 700° F and 
about 1200°R 

3. A process as claimed in claim 2, wherein the contacting is carried out at a temperature between about 700° F and 
about 1 ,200° F, at a pressure between about 30 and about 1 ,000 psig, a weight hourly space velocity between about 

20 0.1 and about 10 and a hydrogen to hydrocarbon mole ratio between about 0.1 and about 10. 

4. A process as claimed in any of claims 1 to 3, wherein the catalyst comprises a molecular sieve selected from 2SM- 
5, ZSM-11, ZSM-12, ZSM-21, ZSM-22, ZSM-23. ZSM-35, ZSM-38, ZSM-48, ZSM-57, SSZ-23, SSZ-25, SSZ-32, 
SAPO-1 1 , SAPO-31 -, SAPO-41 , MAPO-1 1 and MAPO-31 . 

25 

5. A process as claimed in claim 4. wherein the catalyst comprises ZSM-5. 

6. A process as claimed in claim 5. wherein the ZSM-5 is selectivated via coking with between about 1 wt% and 40 
wt% of coke. 

30 

7. A process as claimed in any of claims 1 to 6, wherein the toluene containing feed contains at least 80 wt% toluene. 

8. A process claimed in any of claims 1 to 7, further including, prior to the contacting: 

35 a) aromatizing a predominantly paraff inic feedstock over a substantially nonacidic catalyst having an a value 

of less than 10 to produce the toluene containing feed. 

9. A process as claimed in any of claims 1 to 7, further including, prior to the contacting: 

40 a) aromatizing a predominantly paraffinic feedstock over a substantially nonacidic catalyst to produce an aro- 

matized stream; and 

b) separating the toluene containing feed from the aromatized stream. 

10. A process as claimed in claim 8 or 9, wherein the substantially nonacidic catalyst comprises L-zeolite. 

45 

I I . A process as claimed in any of claims 8 to 10, wherein the paraffinic feedstock has a low sulfur content. 
12. A process as claimed in any of claims 8 to 10 wherein the paraffinic feedstock is a C 7 naphtha. 

so 1 3. A process as claimed in any of claims 8 to 10, wherein the paraffinic feedstock is a C 6 -C 7 naphtha. 

14. A process as claimed in any of claims 8 to 10, wherein the paraffinic feedstock is a Cs-Cn naphtha. 

15. A process as claimed in any of claims 1 to 14. further including: 
55 distilling the product; and 

recovering a first stream from the distilling which comprises at least 99.5 wt% benzene and a second stream 
which comprises toluene and xylenes and which contains less than 0.5 wt% of close-boiling nonaromatics. 
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10 



15 



20 



bee and such toa, „ Jl 40% „ tha^^^^T "^'^ ^ M » «* 

1.000 psig pressure M «„, , h S e an^h^™ ^ ** P,e!enCe °' hyd '° 9en " Mlt > 
least 10. ^ ™™ > an n ' he »" e cracking aav.1, corresponding to an a value o( at 

^ttoessascla^toaaitoiaoM*^ 

^ «. A process aa cfcimed in Calm 20. whsrain to. less ta „ „ , M 

22. A process as Calmed to anv „, claims 18 to 2, »toat ein to, compel an intermediate pee sias zec te 

23. A process as claimed in claim 22. whereto , he 2SM _ 5 

26. A prooass as claimed in an, of claims ,8 to 25. furtos, including, prior ,„ , he oontocting. 

product which comprises m toSene oon Jni"S ^""""x^e an aromatiaation 

29. A process as claimed in any of claims 26 to 28, wherein the paraffin* feedstock is a C 6 -C 7 naphtha. 
so 30. A process as claimed in any of claims 26 to 28. wherein the paraffinic feedstock is a C 7 naphtha. 
31- A process as c.a.med in any 0f Cairns 26 to 28 . wherei , the pMc ^ 

55 31 A process as c,aimed in any o« claims 26 to 32. further including the steps of 

separating the stream into a benzene-rich fraction and a heavier fraction; 



35 



40 
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conducting the benzene-rich fraction to an aromatics extraction zone; and 
conducting the heavier fraction to the disproportionation zone. 

34. A process as claimed in claim 33, including supplying hydrogen produced in the aromatization zone to the dispro- 
5 portionation zone and recycling hydrogen from the disproportionation zone to the aromatization zone. 

35. A process as claimed in claim 33 or 34, wherein at least a portion of the aromatization product is conducted to the 
disproportionation zone without an intermediate condensation or distillation step. 

io 36. A process as claimed in claim 35, wherein hydrogen is recovered from the effluent of the disproportionation zone 
and recycled to the aromatization zone. 

37. A process as claimed in any of claims 18 to 36, including: 

distilling the aromatization product to separate toluene from benzene and from xylenes and to produce a 
75 toluene fraction; 

and 

conducting the toluene fraction to the disproportionation zone. 

20 
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